INTRODUCTION
============

Type 2-diabetes mellitus (DM) and hypertension (HT) cause cardiovascular alterations whose deleterious effects increase when both conditions appear together.^[@R1]^ At present, cardiovascular diseases are the main cause for disability and death worldwide.^[@R2],[@R3]^ Vascular damage affect both large and small vessels. Small vessels damage is characteristic of disorders such as retinopathy, nephropathy, neuropathy, and ischemic cardiopathy. The main damage in large vessels is atherosclerosis which in the heart vessels increases the risk of myocardial infarction.^[@R4]^ Many established cardiovascular risk factors such as HT, diabetes, and smoking have been found to increase arterial stiffness.^[@R5],[@R6]^ In turn, increased arterial stiffness is an important risk factor directly correlated with cardiovascular morbidity and mortality.^[@R7]^ The association between HT and/or DM with other cardiovascular risk factors (eg, obesity, dyslipidemia) accelerates these pathophysiological processes.^[@R8]^ In addition, the presence of pathologic left ventricular hypertrophy (LVH), induced either as a compensatory mechanism to the elevated blood pressure (BP) or not, increases 5 to 10 times the cardiovascular risk and mortality.^[@R9]^ Thus, the assessment of cardiovascular risk in patients with DM and/or HT includes a wide set of determinations of functional damage in the heart, vessels, and other organs affected such as kidneys.

Cardiotrophin-1 (CT-1) is a 21.5 kDa protein, member of the interleukin-6 family, which potently induces cardiac myocyte hypertrophy in vitro.^[@R10]^ CT-1 is expressed in several organs such as heart, lung, and skeletal muscle in adult humans.^[@R11]^ Experimental models further demonstrated that CT-1 participates in remodeling of heart and vessels after an injury by stimulating cell proliferation and extracellular matrix production, leading to cardiovascular hypertrophy and fibrosis.^[@R12],[@R13]^ CT-1 is also involved in arterial fibrosis and increased stiffness associated to aging, as in CT-1-null mice the absence of CT-1 is associated with decreased arterial fibrosis, stiffness, and senescence and increased longevity.^[@R14]^ CT-1 has been consistently related with LVH, either experimental or clinical.^[@R15]--[@R19]^ CT-1 has been also associated with LVH in patients with chronic renal failure,^[@R20]^ but the relationship of CT-1 with renal injury in patients has never been studied. However, the appearance of renal fibrosis in rats treated with CT-1 has been described.^[@R21]^ In addition, accordingly with the role of CT-1 as multifunctional cytokine, several authors reported its participation in the regulation of glucose and lipid metabolism.^[@R22]--[@R25]^

It has been already described that plasma CT-1 concentration was higher in HT than in normotensive patients.^[@R17],[@R26]--[@R28]^ Moreover, it has been recently shown a correlation between CT-1 and BP in essential HT^[@R29]^ and between CT-1 and the presence of DM in a Chinese population with impaired glucose tolerance.^[@R30],[@R31]^ However, there are no clinical studies on the possible usefulness of CT-1 as a putative marker of integrative target organ damage and cardiovascular risk induced by HT and DM. Thus, the aim of this study is to assess the levels of plasma CT-1 in DM and HT patients, as well as to analyze the relationship between CT-1 and damage in target organs (heart, vasculature, and kidney), in order to strengthen the possible role of CT-1 as biomarker establishing correlations between the CT-1 plasma levels with a wide range of clinical determinants used in diagnosis of cardiovascular injury and integrated cardiovascular risk in a population of HT, DM, and control patients.

METHODS
=======

This is a crosssectional study performed in hypertensive and diabetic patients of the Primary Care Research Unit of "La Alamedilla" Health Centre, Salamanca (Spain), covering a population of 46,000 inhabitants. We have recruited 384 consecutive patients: 209 hypertensive nondiabetic patients (HT group), 93 type-2 diabetic patients (DM group, 71 of them with HT), and 82 control patients (Control group). Exclusion criteria are as follows: participation in a clinical trial, serious comorbidities, or inability to comply with the protocol requirement (psychological and/or cognitive disorders, failure to cooperate, educational limitations and problems in understanding written language, and failure to sign the informed consent document). Normotensive and normoglycaemic patients keeping the above-described exclusion criteria and without detectable renal and cardiovascular alterations were selected as controls.

HT was diagnosed when the mean of 3 separate BP measurements was ≥140 mm Hg for systolic blood pressure (SBP) and/or ≥90 mm Hg for diastolic blood pressure (DBP).^[@R4]^ DM was diagnosed following 2 criteria: when plasma glucose reached ≥126 mg/dL after fasting or ≥200 mg/dL 2 hours after oral glucose load (and repeated twice), and after detecting symptoms of DM along with a random value of plasma glucose ≥200 mg/dL.^[@R30]^ Most patients received pharmacotherapy, except those controlled by diet (Table [1](#T1){ref-type="table"}).
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Ethical and Legal Issues
------------------------

The experimental protocol was in accordance with the Declaration of Helsinki (2008) of the World Medical Association, approved by the University Hospital of Salamanca Ethics Committee and complied with Spanish data protection law (LO 15/1999) and specifications (RD 1720/2007). A written consent was signed by all who accepted to participate in the study.

Socio-Demographic and Cardiovascular Variables
----------------------------------------------

We determined patient age and sex, BP, lipidemia, alcohol consumption, smoking, physical activity, and presence of premature cardiovascular disease (before 55 years of age in men and before 65 in women) in first-degree relatives. We also determined the occurrence of the following events, which were exclusion criteria: myocardial infarction, angina, revascularization, heart failure, atrial fibrillation, cerebrovascular events (ischemic stroke, intracranial hemorrhage, and transient brain ischemia), and symptomatic peripheral arterial disease.

Body weight was determined using a homologated electronic scale (Seca 70, Hamburg, Germany; precision ± 0.1 kg), height was measured with a portable system (Seca 222), and body mass index (kg/m^2^) was calculated.

Plasma and Urine Determinations
-------------------------------

Samples of urine and blood were collected in the morning after fasting for at least 8 hours. Creatinine, basal glucose, glycosylated hemoglobin, triglycerides, high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol in plasma, and creatinine and microalbumin in urine were determined using standard automatized techniques on a blind basis in the Biochemistry laboratory of the University Hospital, Salamanca (Spain).

Plasma CT-1 Determination
-------------------------

CT-1 concentration in plasma was measured using an enzyme-linked inmunosorbent assay method (Abcam, Cambridge, UK) following the instructions of the manufacturer. With regard to specificity, the assay recognized human CT-1 without significant crossreactivity or interference with other cytokines. With regard to sensitivity, the detectable concentration ranged from 16 to 12,000 pg/mL. Inter- and intraassay reproducibility were 12% and 10%, respectively. Samples were measured in triplicate. Absorbance (proportional to the initial amount of CT-1) was determined using a spectrophotometer ELx800 Universal Microplates Reader (Bio-Tek Instruments Inc, VT) at 450 nm with a wavelength correction of 540 nm.

Blood Pressure Determination
----------------------------

Office BP evaluation involved 3 measurements of SBP and DBP with a validated OMRON model M7 sphygmomanometer (Omron Health Care, Kyoto, Japan) following the recommendations of the European Society of Hypertension (ESH).^[@R4]^ SBP, DBP, and pulse pressure (PP) were calculated with the mean values of the second and third measurements.

Determination of the Ankle-Brachial Index
-----------------------------------------

Ankle-brachial index (ABI) was measured in patients 12 hours after abstaining from smoking and drinking beverages containing caffeine or alcohol. Patients were placed in a supine decubitus position at a room temperature between 22°C and 24°C. After resting for 20 minutes, pressure in the lower extremities was measured using a portable Doppler system Minidop Es-100Vx (Hadeco Inc, Miyamae-ku Kawasaki, Japan) applying the probe at the anterior or posterior tibial artery at an angle of approximately 60° to blood flow direction. BP was also measured twice at 3- to 5-minute intervals in both arms using the same procedure. ABI was calculated as previously described.^[@R32]^ Subclinical artery disease was diagnosed if ABI was \<0.9.^[@R33]^

Determination of Pulse Wave Velocity
------------------------------------

Pulse wave velocity (PWV) *was evaluated* with the SphygmoCor System (AtCor Medical Pty Ltd, Head Office, West Ryde, Australia). The pulse waves of the carotid and femoral arteries were analyzed with the patient in the supine position measuring the delay with respect to the electrocardiographic wave, and then calculating PWV. Distance measurements were taken with a measuring tape from the sternal notch to the carotid and femoral arteries at the sensor location.

Assessment of the Carotid Intima-Media Thickness
------------------------------------------------

Carotid intima-media thickness (C-IMT) was assessed by carotid ultrasound analysis that was performed by 2 investigators trained for this purpose with a Micromaxx ultrasound device (SonoSite Inc, Bothell, WA) paired with a 5 to 10 MHz multifrequency high-resolution linear transducer with Sonocal software. The recordings reliability was evaluated using the intraclass correlation coefficient which showed values of 0.897 (95% confidence interval \[CI\]: 0.740--0.959) for interobserver agreement and 0.974 (95% CI: 0.935--0.990) for intraobserver agreement on repeated measurements in 20 patients. According to the Bland--Altman analysis, the limit of interobserver agreement was 0.022 (95% CI: −0.053 to 0.098) and the limit of intraobserver agreement was 0.012 (95% CI: −0.034 to 0.059). Measurements were carried out in several points of a longitudinal section of 10 mm of the common carotid at 1 cm of distance from the bifurcation, performing the analysis in the proximal and in the distal wall in the lateral, anterior, and posterior projections, and following a perpendicular axis in order to discriminate 2 lines: one for the intima-blood interface and the other for the media-adventitious interface.^[@R34]^ We used the medium value (medium C-IMT) and maximum value (maximum C-IMT) automatically calculated by the software from 6 measurements performed in both right and left carotid arteries. The average C-IMT was considered abnormal (atherosclerotic) if [\>]{.ul}0.90 mm, or if there were atherosclerotic plaques with a diameter of 1.5 mm or a focal increase in the adjacent C-IMT of 0.5 mm or 50%.^[@R1]^

Determination of LVH
--------------------

Electrocardiographic estimation of LVH was performed with a General Electric MAC 3.500 ECG System (Niskayuna, NY) which measures voltage and duration of waves and then estimates Sokolow-Lyon index (SV1 + RV5), and the Cornell voltage duration product (VDP-Cornell) following the equations: (RaVL + SV3) × QRS for men and (RaVL + SV3) × QRS + 6 for women.^[@R35]^ LVH was defined as Sokolow-Lyon index \>35 mm or the VDP-Cornell value \>2.440 mV/ms.^[@R4]^

Evaluation of Renal Function
----------------------------

Renal function was assessed by measuring microalbuminuria, plasma, and urine creatinine concentrations, and calculating glomerular filtration rate using the formulas established by the Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI)^[@R36]^ and the Modification of Diet in Renal Disease-Isotopic Dilution Mass Spectrometry (MDRD-IDMS).^[@R37]^ Proteinuria was estimated by the urinary albumin--creatinine ratio and then following criteria stablished by the ESH 2007/European Society of Cardiology Guidelines.^[@R1]^ Subclinical renal damage is considered if any of the following criteria is met: plasma creatinine values between 1.3 and 1.5 mg/dL in men and 1.2 and 1.4 mg/dL in women, or glomerular filtration rate \<60 mL/min, or albumin--creatinine urinary ratio \>22 mg/g in men and 31 mg/g in women. Renal disease is considered to exist if plasma creatinine ≥1.5 mg/dL in men and ≥1.4 mg/dL in women, or albuminuria--creatininuria ratio \>300 mg/24 h.

Cardiovascular Risk Assessment
------------------------------

Cardiovascular risk of morbidity and mortality was estimated using the 2013 guidelines of the ESH^[@R4]^ and Framingham Risk Score based on the Framingham study.^[@R38]^

Statistical Analysis
--------------------

Data input was performed using the Teleform system (Autonomy Cardiff, Vista, CA) and exporting the data to the PASW version 19.0 statistical package (SPSS Inc, Chicago, IL) for data analysis. CT-1 data did not follow a normal distribution as confirmed by kurtosis normality of residuals test. Data were presented as mean ± standard deviation, median and interquartile range (25--75), and box-plots, where the box represents data between first and third quartile, the bar inside the box represents the median, the ends of the whiskers represent the 10th and 90th percentile, and the outliers indicate variability outside the 10th and 90th percentile. Spearman\'s correlation coefficient was used to analyze associations between quantitative variables. Mann--Whitney *U* test was used to compare quantitative with qualitative variables of 2 categories and Kruskal--Wallis *h* test for qualitative variables of \>2 categories. We conducted a multiple linear regression analysis using the General Linear Model, considering CT-1 as independent variable and as dependent variables for vascular assessment ABI, IMT, and PWV, as well as VDP-Cornell for cardiac evaluation. We adjusted the model by age, sex, and cardiovascular risk factors as smoke, PP, LDL-cholesterol, and glycosylated hemoglobin. A *P* value \<0.05 was considered statistically significant.

RESULTS
=======

General demographic, physical, and medical parameters of the patients under study are characteristic of the European adult population \>50 years old (Table [1](#T1){ref-type="table"}). Hypertensive and diabetic patients have significantly higher plasmatic CT-1 levels than controls (Figure [1](#F1){ref-type="fig"}). Moreover, in the whole population (Total group) there are positive correlations of CT-1 with SBP, DBP, PP, basal glycaemia, and LVH evaluated by VDP-Cornell (Table [2](#T2){ref-type="table"}). Moreover, we observe that CT-1 levels are higher in the presence than in the absence of LVH after grouping the patients by VDP-Cornell and Sokolow values (Figure [2](#F2){ref-type="fig"}).

![Cardiotrophin-1 (CT-1) plasma levels in DM (group of diabetic patients), HT (group of hypertensive patients), and Control (group of nondiabetic and nonhypertensive patients) groups. Statistically significant differences: ^∗∗^*P* \< 0.01 versus Control group.](medi-94-e1218-g002){#F1}
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![Cardiotrophin-1 (CT-1) plasma levels in the absence/presence of left ventricular hypertrophy (LVH). Evaluated by Sokolow-Lyon index \>35 mm or VDP-Cornell value \>2.440 mV/ms. Statistically significant differences: ^∗^*P* \< 0.05 versus patients without LVH.](medi-94-e1218-g004){#F2}

Plasma CT-1 concentration is also related with indicators of vascular disease. CT-1 is negatively correlated with ABI values, a specific and sensitive metric for the diagnosis of peripheral arterial disease, and positively correlates with C-IMT maximum values (Table [2](#T2){ref-type="table"}). It is noteworthy the strong negative correlation of CT-1 with ABI indexes in diabetic patients (DM group).

There is a positive correlation between plasma CT-1 and indicators of subclinical kidney disease as microalbuminuria and albumin--creatinine urinary ratio (Table [2](#T2){ref-type="table"}). Plasma CT-1 was not correlated neither with plasma creatinine, nor with glomerular filtration rate (estimated with the MDRD and CKD-EPI equations). However, after grouping the patients by the presence or absence of renal damage (following the criteria either of CKD-EPI \<30 mL/min/1.73 m^2^ or albumin/creatinine ratio\>300 mg/dL), we observe that patients of DM and HT groups with renal damage have higher plasma CT-1 than those without renal damage (Figure [3](#F3){ref-type="fig"}).

![Cardiotrophin-1 (CT-1) plasma levels in the absence/presence of renal disease evaluated following the criteria of the Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI). Renal disease is considered if glomerular filtration rate \<30 mL/min/1.73 m^2^ or proteinuria [\>]{.ul}300 mg/dL). Statistically significant differences: ^∗∗^*P* \< 0.01 versus patients without renal disease.](medi-94-e1218-g005){#F3}

With respect to lipid profile, higher CT-1 levels are inversely correlated with HDL-cholesterol levels (Table [2](#T2){ref-type="table"}). However, we have not found any significant relationship between CT-1 and LDL-cholesterol or triglycerides.

On the contrary, we observed that patients with high or very high grades of cardiovascular risk have significantly higher plasma CT-1 levels than those with low or moderate grades (Figure [4](#F4){ref-type="fig"}).

![Cardiotrophin-1 (CT-1) plasma levels according to estimated 10-year cardiovascular (CV) risk grades of the 2013 guidelines of the European Society of Hypertension (ESH) (3). Statistically significant differences: ^∗^*P* \< 0.01 versus low risk; ^\#^*P* \< 0.05 versus moderate risk; ^\#\#^*P* \< 0.01 versus moderate risk.](medi-94-e1218-g006){#F4}

After adjusting for cardiovascular risk factors in a multiple linear regression analysis, the association of CT-1 is maintained with parameters evaluating vascular injury, such as ABI index (β = −0.014, *P* = 0.015), IMT (β = 0.011, *P* = 0.037), PWV (β = 0.246, *P* = 0.001), and VDP-Cornell (β = 69.32, *P* = 0.029) that evaluates cardiac injury. The association of CT-1 with the albuminuria--creatininuria ratio is not maintained (β = 4.80, *P* = 0.335) after this analysis (Table [3](#T3){ref-type="table"}).
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DISCUSSION
==========

This study shows for the first time that CT-1 is a marker of HT and DM-induced damage in multiple target organs. Moreover, CT-1 is related with increased integrated cardiovascular risk. On the contrary, CT-1 seems to be associated with subclinical renal damage. Although the association of CT-1 with LVH has been previously suggested, our main contribution is to show the diagnostic usefulness of CT-1 by providing evidence of the correlation between its plasma levels and the values obtained in a large number of clinical diagnostic tests indicative of target organ damage in HT and DM patients.

HT is the most important risk factor for death caused by cardiovascular disease.^[@R39]^ We observed that plasma CT-1 is positively correlated with SBP and DBP, and HT patients show higher CT-1 than normotensive individuals, as previously reported.^[@R17],[@R19],[@R26]--[@R29]^ Moreover, CT-1 is correlated with glycaemia, and CT-1 levels were higher in type-2 DM patients than in normoglycaemic individuals. This is the first study carried out in an European population with type-2 DM, as only 1 study showed a correlation between CT-1 and newly diagnosed DM in Chinese population.^[@R30]^ Some studies showed that CT-1 regulates glycaemia, insulinemia, and cholesterolemia; protects against insulin resistance; and participates in maintaining normal pancreatic islets function.^[@R23],[@R24]^

LVH is a determinant risk factor,^[@R18],[@R40]^ and our patients exhibit a significant association between plasma CT-1 and LVH. In agreement, it has been reported a correlation between plasma CT-1, LVH, and progression of heart failure in HT patients,^[@R17]^ and between a decrease of CT-1 with LVH regression in essential HT patients under antihypertensive treatment,^[@R15]^ thus suggesting that CT-1 could act as a marker of hypertensive heart disease.^[@R15],[@R26]^ In this regard, plasma CT-1 is associated with the severity of LVH in patients with hypertrophic cardiomyopathy,^[@R41]^ and with myocardial systolic dysfunction in asymptomatic HT patients.^[@R19]^ Moreover, CT-1-induced activation of superoxide anion production is associated with LVH in HT patients.^[@R42]^

Dyslipidemia and obesity contribute to the increase in cardiovascular risk. Most of our study population present grade II overweight (body mass index from 25.0 to 29.9; Table [1](#T1){ref-type="table"}). Moreover, the intake of lipid-lowering drugs by some patients modifies their lipid profile. Only 1 study detected correlation of CT-1 with cholesterol levels in children developing metabolic syndrome.^[@R43]^ Ours is the first demonstration of a correlation between plasma CT-1 with decreases in HDL-cholesterol, a lipid factor associated with cardiovascular risk.^[@R1]^ A low HDL-cholesterol level is thought to accelerate the development of atherosclerosis,^[@R44]^ and is also a characteristic of metabolic syndrome.^[@R45]^ We have not found significant relationships between CT-1 and LDL-cholesterol or triglycerides, probably because of the existence of controls with high levels of both molecules (see Table [1](#T1){ref-type="table"}) who escape the antilipid treatment (18.3% for controls vs 23.7% for DM and 29.2% for HT groups).

We detected correlations of CT-1 with 3 parameters indicative of vascular damage such as PWV, ABI index, and C-IMT, which may be related to the fibrotic effect of CT-1 observed in rat vascular smooth muscle cells in vitro and in aortic tunica media ex vivo,^[@R12]^ as well as in rat vessels in vivo.^[@R21]^ The absence of CT-1 in knock-out mice decreased age-induced arterial fibrosis and stiffness.^[@R14]^ Therefore, our research is the first to detect a correlation of plasma CT-1 with PWV, ABI, and C-IMT in patients after eliminating agés influence, putting forward that variations in CT-1 could be a usefull marker of generalized vascular injury. We also observed a direct association of plasma CT-1 with a high or a very high degree of cardiovascular risk predicted at 10 years.^[@R4]^ This fact was expected because plasma CT-1 is significantly related to several main factors contributing to the increase in cardiovascular risk (HT, DM, LVH, and vascular damage).

Kidneys are susceptible to being injured by numerous pathophysiological processes occurring in HT and DM, thus rising global cardiovascular risk. We show the first clinical evidence of a correlation between increased plasma CT-1 with incipient renal damage along with normal glomerular filtration rate. Our results fully agree with the impairment in renal function previously found in CT-1-treated rats that presented increased albumin--creatinine urinary ratio with unaltered serum creatinine; interestingly, these rats developed glomerular and tubulointerstitial fibrosis.^[@R21]^ Moreover, our study is the first demonstration of higher plasma CT-1 levels in HT or DM patients with diagnosed renal disease. Thus, plasma CT-1 might be a good indicator of either subclinical damage or established kidney disease. However, this proposal is limited because this correlation is lost after adjusting for conventional cardiovascular risk factors in a multiple linear regression analysis.

Limitations of our study are its crosssectional design, which precludes longitudinal analysis between CT-1 and target organ damage. Sampling of the study was performed consecutively, including hypertensive patients with a short course of HT, or with DT and hyperlipidemia, and many patients receiving drug therapy, which may modify BP levels. However, the heterogeneity of the sample is similar to the distribution of the real population of short-course hypertensive patients with some risk factors and without previous cardiovascular disease.

In recent years, several publications suggest the potential role of CT-1 as both a plasmatic marker^[@R15],[@R17]^ and a target for therapies to treat or prevent hypertensive cardiovascular disease.^[@R12],[@R15]^ This is the first study presenting a robust association between CT-1 and several risk factors in HT and type-2 DM patients as LVH and arterial disease. Multiple regression analysis demonstrated that changes in plasma CT-1 are associated with many indicators currently used in clinical practice to assess cardiovascular damage (VDP-Cornell, PWV, ABI, C-IMT, and integrated cardiovascular risk). In conclusion, our study suggests that plasma CT-1 may be a useful time- and money-saving diagnostic and/or prognostic marker that could replace several expensive measurements currently required in the evaluation and follow-up of cardiovascular injury and risk in susceptible patients.
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